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(54) Surfacing of aluminum bodies by anodic spark deposition 

(57) Aluminium or aluminium alloy bodies, such as 
cast fuel pump bodies, are subjected to anodic spark 
deposition under deposition conditions in an electrolyte 
effective to form an surface layer that is enriched in 
alpha alumina to improve surface hardness and that 
includes a substantially uniform distribution of lubricant- 
retaining, nanosize surface pores. 
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Description 

[0001] The invention relates to treatment of aluminium and aluminium alloy bodies by anodic spark deposition to 
form a novel lubricant-retaining and mechanically durable surface layer. 
5 [0002] Fuel pump bodies commonly used to supply fuel to internal combustion engines now are made of hard-ano- 
dized and water-sealed cast aluminium alloys. For example, an anodized coating thickness of 18 microns, anodized 
surface roughness of 1 .0 micron R a , and anodized surface hardness of about 250 Hv are specified for certain vehicle 
cast aluminium alloy fuel pump bodies. Fuel pumps including such hard-anodized and water-sealed pump bodies gen- 
erally are replaced at least once in the lifetime of most vehicles as a result of the pump body caused by abrasive depos- 
it? its and fuel impurities. Such abrasive wear occurs as a result of insufficient hardness of the anodized surface layer 
formed on the cast pump body. In particular, conventional hard anodizing has been found to generally produce a mix- 
ture of crystalline and amorphous alumina on the anodized surface with significant amounts of layer porosity even after 
a water sealing treatment whereby the anodized surface exhibits insufficient hardness and wear resistance. 
[0003] There thus is a need for a surface treatment for fuel pump bodies made of aluminium and its alloys to impart 
75 improved surface hardness and wear resistance thereto. 

[0004] An object of the present invention is to satisfy this need by subjecting an aluminium or aluminium alloy body 
to anodic spark deposition under deposition conditions in an electrolyte effective to form a surface layer that is enriched 
in alpha alumina to improve surface hardness and that includes lubricant-retaining surface pores distributed across an 
outer surface of the layer. The surface layer may be doped in-situ during deposition with a solid state lubricant. Alumin- 
20 ium or aluminium alloy bodies, such as fuel pump bodies discussed above, having such a surface layer formed thereon 
exhibit improved wear resistance as compared to conventional hard-anodized and water-sealed aluminium or alumin- 
ium alloy bodies. 

[0005] The invention will now be described further, by way of example, with reference to the accompanying draw- 
ings, in which: 

25 

Figures 1 and 2 are photomicrographs at 50X and 2000X, respectively, of a surface layer formed on an aluminium 
alloy fuel pump body using a conventional hard-anodizing and water-sealing treatment. 
Figures 3 and 4 are photomicrographs at SOX and 1000X, respectively, of a surface layer formed on an aluminium 
alloy fuel pump body using anodic spark deposition pursuant to an embodiment of the invention. 

30 

[0006] An embodiment of the invention involves subjecting an aluminium or aluminium alloy body, such as for exam- 
ple only, an aluminium alloy fuel pump body, to anodic spark deposition (hereafter ASD) under deposition conditions in 
an electrolyte effective to form an surface layer that is enriched in alpha alumina to improve surface hardness and that 
includes a uniform distribution of lubricant-retaining, nano-size pores across the surface layer. Typical ASD apparatus 

35 comprises a body (substrate) to be coated (anode), a cathode comprising such materials as steel, platinum or carbon, 
and an electrical power supply unit with cooling coils. ASD apparatus is described by G.P. Wirth et al. in Materials and 
Manufacturing Processes 6(1), 87 (1991). The electrical power can be supplied as DC or AC mode using sinusoidal or 
square wave forms. The ASD process generally can be divided into three regimes; namely, 1) anodization. 2) dielectric 
breakdown, and 3) coating build-up. The anodization regime occurs as an early process stage and produces a barrier 

40 film that impedes electron transport across the anode/electrolyte interface, thereby reducing electrical current over time. 
At sufficiently high voltages, a dielectric breakdown of the barrier layer occurs and sparking occurs at the anode sur- 
face, creating fresh surfaces on which desired oxide coatings can form. The sparks are thought to be due to electron 
avalanches through the barrier layer. The surface sparks create high local surface temperatures sufficient for formation 
of alpha alumina, which is a thermally stable phase of alumina. The dielectric breakdown regime generally occurs at 

45 multiple points on the anode surface, and the sparks can be seen to travel along the anode surface as deposition of the 
oxide surface layer occurs. During this regime, electrical current increases with time. As the desired oxide coating thick- 
ens in the coating build-up regime, coating resistance to current flow increases such that the electrical current decays 
over remaining time of the ASD process. 

[0007] In practicing an embodiment of the invention, the electrolyte composition and deposition conditions (e.g. 

so voltage and electrical current) are selected to form an aluminium oxide surface layer or coating having a novel surface 
morphology illustrated, for example, in Figure 4, where the aluminium oxide surface layer includes nano-size surface 
pores P uniformly distributed on and across an outer free surface of the alumina layer. The nano-size pores P connect 
to the outer surface of the alumina layer but do not extend to the substrata Nano-size pores in the context of the inven- 
tion include pores having a lateral dimension, when viewed normal to the oxide surface layer, of less than 1 micron 

55 (1000 nanometers). 

[0008] Electrolyte compositions which can be used to practice the invention include an organic solvent and a con- 
ductivity-controlling agent dissolved in the solvent. A pH-controlling agent also typically is included in the organic sol- 
vent to control the electrolyte pH near a neutral jpH value, such as for example from about 6.9 to about 8, preferably 
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about 6.9 to about 7.1. An optional doping agent also can be present in the electrolyte to in-situ dope the surface layer 
with a refractory element, such as Mo, W and the like, for lubricity purposes. The dopant is incorporated into the surface 
layer as a solid state lubricating substituent. Electrolyte temperature typically is maintained at ambient room tempera- 
ture or slightly above (e.g. to 50°C). Although the examples set forth below describe the electrolyte as comprising ethyl 
5 diamine as the organic solvent, KH 2 P0 4 as the conductivity-controlling agent, NH 4 OH as the pH controlling agent, and 
compounds of Mo and W as doping agents, the invention is not so limited and can be practiced using other solvents, 
conductivity-controlling agents, pH-controlling agents, and doping agents. 

[0009] In practice of the invention, the ASD voltage and electrical current parameters are controlled in dependence 
on the electrolyte composition. Particular voltage and current parameters chosen for the electrolyte compositions used 

io in the examples set forth below are described to provide anode/cathode sparking effective to form the aluminium oxide 
surface layer described having the aforementioned improved surface hardness and novel surface pore morphology. The 
invention can be practiced using a constant voltage with variable current or constant current with variable voltage con- 
trolled in a manner to achieve anode/cathode sparking and gas generation (e.g. H 2 , C0 2 ) at the surface of the body 
(anode) during coating deposition believed to produce the novel nano-size surface pore morphology, although Appli- 

15 cants do not wish or intend to be bound or limited to this explanation. The invention is not limited to the particular voltage 
and current parameters set forth in the examples and can be practiced using other ASD voltage and current values 
depending upon the electrolyte composition. 

[001 0] The following examples are offered to further illustrate, but not limit, the invention, and involve forming alpha 
alumina (Al 2 0 3 ), Mo-doped alpha alumina, and W-doped alpha alumina on cast ACD6 aluminium alloy fuel pump bod- 

20 ies (ACD6 alloy composition, in weight %, is 1% max Si, 2.5-4.0% Mg, 0. 1% Cu, 0.4% max Zn, 0.8% max Fe, 0.4% max 
Mn, 0.1% max Ni, 0.1% max Sn and balance Al). The cast ACD6 aluminium alloy fuel pump bodies had an initial 
(uncoated) absolute surface roughness (RJ of 0.8 to 1 .1 micron R a and an initial (uncoated) Vickers hardness, (H v ), of 
90 Hy. The ASD treated pump bodies were tested for surface hardness and wear resistance. 
[0011] For comparison purposes, a conventional hard-anodized and water sealed fuel pump body of the same 

25 ACD6 aluminium alloy also was tested for surface hardness and wear resistance. The hard-anodized and water sealed 
fuel pump body exhibited an initial (uncoated) surface roughness of 0.8 to 1.1 micron R a and a surface hardness of 
300Hv and was anodized using conventional sulfuric acid electrolyte to form a surface layer which was conventionally 
water sealed. 

[0012] The undoped alumina (Al 2 0 3 ) surface layer was formed on the pump body using an electrolyte comprising 
30 80 grams of KH 2 P0 4 , 25 ml of NH 4 OH (35%), and 50 mL of ethyl diamine (50%) all in one litre of solution maintained 
at about room temperature. Deposition of the alpha alumina surface layer was effected using a voltage of 260 to 300V 
that was varied during deposition to provide an electrical current of 2-10 Amperes and resultant anode/cathode spark- 
ing and gas generation at the anode surface during coating deposition. In this and the other examples, the cathode 
comprised a cylindrical steel electrolyte tank in which a pump body to be coated was immersed, providing a spacing 
35 between the anode (pump body) and cathode (tank) in the range of 0.1 to 1 inch. The coating produced was 15 microns 
thick, had a surface roughness of 0.8 to 1 .1 microns R a and a microhardness of 450 Hy The deposition rate was about 
1 to 2 micron coating thickness per minute. 

[001 3] The Mo-doped alumina (Al 2 0 3 ) surface layer was formed on the pump body using an electrolyte comprising 
80 grams of KH 2 P0 4 , 25 ml of NH 4 OH (35%). 50 mL of ethyl diamine (50%), and 1.5 grams of (NH 4 ) 2 Mo0 4 (doping 

40 agent) all in one litre of solution maintained at about room temperature. Deposition of Mo-doped alpha alumina surface 
layer was effected using a voltage of 280 to 320V varied to provide a electrical current of 2-10 Amperes and resultant 
anode/cathode sparking and anode gas generation during coating deposition. The coating produced was 19 microns 
thick, had a surface roughness of 0.8 to 1 .1 microns R a , and a microhardness of 420 Hy The deposition rate was about 
3 microns coating thickness per minute. 

45 [0014] The W-doped alumina (M 2 0^ surface layer was formed on the pump body using an electrolyte comprising 
80 grams of KH 2 P0 4 , 25 ml of NH 4 OH (35%), 50 mL of ethyl diamine (50%), and 0.5 mole of Na 2 W0 4 (doping agent) 
all in one litre of solution maintained at about room temperature. Deposition of Wo-doped alpha alumina surface layer 
was effected using a voltage of 250 to 290V varied to provide an electrical current of 1.5-5 Amperes and resultant 
anode/cathode sparking and anode gas generation during coating deposition. The coating produced was 13 microns 

so thick, had a surface roughness of 0.8 to 1 .2 microns R a , and a microhardness of 390 Hy The deposition rate was about 
1 to 2 microns coating thickness per minute. 

[001 5] Generally, the present invention envisions using a voltage in the range of about 250 to about 350 V and elec- 
trical current in the range of about 1 to about 15 Amperes with the electrolyte described above to achieve an alumina 
surface layer in accordance with the invention. 
55 [0016] Figures 3 and 4 are photomicrographs of surface layer morphologies of the ASD undoped alumina coated 
pump bodies pursuant to the invention, the Mo-doped and W-doped alumina coatings exhibited similar surface mor- 
phologies. From Figures 3 and 4, it is apparent that no spherulites or poorly crystallized phases were observed at the 
ASD surface layer. 
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[0017] In contrast, Figures 1 and 2 illustrate the comparison hard-anodized and water-sealed surface layer on the 
ACD6 aluminium alloy pump body where the anodized surface is microscopically rough (area B) with deposits (areas 
A). The white patches or deposits (areas A) comprise poorly crystallized alumina hydrates with spherultic structures. 
Figure 2 is a higher magnification of area B and reveals an uneven surface layer with irregularly shaped and unevenly 

5 distributed pores having a lateral pore dimension of 1 to 2 microns. 

[001 8] Although the anodic surface layer in Figures 3 and 4 is not fully crystallized (fully crystallized alpha alumina 
surface will have a hardness in excess of 1 000 H,), the fraction of alpha alumina in the ASD coating on the pump bodies 
was substantially increased as evidenced by the increase in hardness set forth in Table I below. Moreover, the ASD 
coatings or surface layers include uniformly distributed nano-size surface pores P having a lateral pore dimension, 

10 when viewed normal to the surface layer, of about 0.10 micron to about 0.15 micron. The nano-size pores are evenly 
distributed across the outer surface of the alumina layer and connect to the outer surface. The pores do not extend 
through the coating thickness such that they do not reach the substrate. The novel nanopore morphology achieved 
favours retention of a permanent liquid lubricant film at the surface layer during pump operation to separate the pump 
rotor from the pump housing. 

is [001 9] The performance of various other ASD coated pump bodies (coated using ASD parameters similar to those 
described above) was evaluated using fuel pump validation testing procedures for surface roughness, microhardness, 
wear volume, and flow loss. The procedure consisted of operating fuel pumps assembled using the ASD coated pump 
bodies under various flow pressures for 3000 hours. Flow losses, indicative of pump wear, were monitored over time. 
After 3000 hours, the pumps were disassembled and the wear was measured using profilometry. A fuel pump was 

20 assembled using a comparison conventional hard anodized and water-sealed pump body for like testing. The results of 
the pump testing are set forth in Table I. 



Table I 





Surface Roughness 
Ra (urn) 


micro hardness (Hv) 


Wear Volume after 
3000 hrs test (mm 3 ) 


Flow loss (litre/hr) 


Hard-anodized & 
Water Sealed 


0.83-1.1 


350 


73.4 


13.2 


Mo-doped ASD 
Al 2 0 3 


0.80-1.1 


480 


3.16 


3.9 


W<loped ASD Al 2 0 3 


0.84-1.2 


390 


24.4 


0.2 


ASD AI 2 0 3 


0.8-1.1 


520 


4.88 


0.2 


Virgin sample (nei- 
ther anodized nor 
ASD coated) 


0.8-1.1 


90 


n/a 


n/a 



n/a = not available 

40 

[0020] It is apparent that the various ASD coated pump bodies coated pursuant to the invention exhibited substan- 
tially higher Vickers surface microhardness and substantially lower wear volume and flow loss over time as compared 
to the conventional hard-anodized and water sealed or virgin (untreated) pump bodies. The undoped alumina and Mo- 

45 doped alumina ASD coated pump bodies were especially improved in surface hardness and wear resistance. The 
observed substantial increase in surface hardness of the ASD coated pump bodies coupled with the favourable nano- 
sizes and uniform distribution of pores in the ASD coatings resulted in substantially less wear in Table I as compared to 
the conventional hard-anodized and water-sealed pump body, thereby providing the possibility for improving life of the 
coated fuel pump bodies in service in a vehicle. 

so [0021] While the invention is described above in terms of specific embodiments, it is not intended to be limited 
thereto but rather only to the extent set forth in the following claims. 

Claims 

55 1 . Method of treating a body comprising aluminium, comprising subjecting said body to anodic spark deposition under 
deposition conditions in an electrolyte effective to form an aluminium oxide layer thereon exhibiting improved hard- 
ness and having surface pores distributed across an outer surface of said layer. 
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2. The method of claim 1 wherein anodic spark deposition is conducted under conditions to form nano-size surface 
pores across said outer surface. 

3. The method of either claim 1 or claim 2 wherein said anodic spark deposition is conducted in an electrolyte com- 
5 prising an organic solvent and a conductivity-controlling agent and having a pH in the range of about 6.9 to about 8. 

4. The method of any one of the preceding claims wherein said electrolyte includes a refractory metal that is incorpo- 
rated into said layer as a solid state lubricant. 

w 5. The method of any one of the preceding claims wherein wherein said body comprises an aluminium alloy fuel pump 
body. 

6. A body comprising aluminium and having an anodic spark deposited aluminium oxide layer thereon, said layer 
including surface pores distributed across an outer surface thereof. 

7. The body of claim 6 wherein said pores have a lateral pore dimension of less than 1 micron. 

8. The body of claim 7 wherein said lateral dimension is from 0.10 to 0.15 micron. 

20 9. The body of any one of claims 6 to 8 wherein said layer includes a refractory metal incorporated therein as a solid 
state lubricant 

1 0. A fuel pump body comprising aluminium and having an anodic spark deposited aluminium oxide layer thereon, said 
layer having a substantially uniform distribution of nano-size surface pores. 

25 
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50x 




FIG. I (PRIOR ART) 



2000X 




FIG. 2 (PRIOR ART) 
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FIG. 3 



1000x 




FIG. 4 
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